We compare finite pomsets and Mazurkiewicz traces, two models of true concurrency which generalize strings. We show that Mazurkiewicz traces are equivalent to a restricted class of pomsets. The restrictions lead to more algebraic structure satisfying additional properties.
Introduction
In the last two decades, a variety of models of concurrency have been proposed, covering a wide spectrum of powers of description, abstraction and precision. There are probably models well-sulted for most problems that people encounter in practice. However, this theoretical wealth is in some disarray. The relations between models are not well understood. Ideally, there should be some grand catalog of models, complete with domains of appropriate use and relations to other models. This paper starts one piece of this catalog, by describing the relation between Pratt's pomset model (21) and Mazurkiewicz's trace model (15).
We show that Mazurkiewicz traces correspond precisely to a subclass of pomsets. This loss of generality is compensated by additional properties, which give traces more algebraic .and conceptual structure. *Supported by NSF grant (CCR-9003441). bardr corne:l.:l., eflu tSupported by SERC GR/F 93050. This paper was partly written when the second author was Visiting Professor at CWI, Amsterdam, sponsored by the Netherlands Organisation for Scientific Research (NWO). mzk~uk, ac. le Both pomsets and traces are based on the fundamental assumption that it must be possible to distinguish concurrent occurrences of actions from actions simply occurring in either order. The interleaving approach to semantics for concurrency, e.g., CCS (18), does not consider this distinction essential. As a consequence, the interleaving approaches give rise to more abstract, elegant theories, whereas the true concurrency (also called non-interleaving) approaches are more expressive, but generally less abstract and more cumbersome to use. This paper is part of an ongoing search for an adequate denotational framework for true concurrency semantics, and is motivated by the evidence that the non-interleaving approach helps deal with issues such as confusion and fairness (11, 12) .
Pomsets are quite general and powerful descriptive tools; traces resemble pomsets with some restrictions on the form of concurrency. In Se&ion 3, we make this similarity precise by giving a translation from traces to pomsets. We also describe the class of pomsets which are translations of traces in order-theoretic terms, as those pomsets which are both irreflexive and admit an independency. We also show that this translation is order-preserving.
Many models of concurrency (4, 10, 17, 7, 2, 19) are described in terms of observing processes. In such models, two processes are different precisely if they can be distinguished in some experimental scenario. The scenarios range from simply observing the process run in isolation to communicating with it to duplicating it and beyond. Intuitively, the more complex and peculiar the experiments necessary to describe a model of concurrency, the less appropriate the model for simpler situations. Pratt and Plotkin (19) give a rather tricky experimental scenario for distinguishing pomsets, involving replacing individual actions by nondeterministic choices, and then having a large number of different observers watch the resulting pomset. In Section 4 we give the corresponding scenario for distinguishing Mazurkiewiez traces, which only requires watching the process run. This emphasizes how the restrictions on traces make them conceptually simpler and more tractable than pomsets.
In Section 5, we investigate the order-theoretic properties of traces and pomsets. There are several choices for partial orders on pomsets; one of the simplest and most useful, as well as the most suitable for comparison to other models, is the prefix order. A prefix of a pomset or trace c, is another pomset or trace ~" which can be extended to give or; this corresponds to a possible partial execution of the events described by ~. For example, a consistent cut of a system execution (5, 25) is simply a prefix of the system execution described as a pomset or trace.
The set of pomsets is not consistently complete in the prefix order; that is, there are two pomsets pi and p2 which have a common upper bound, but no least upper bound. By contrast, Mazurkiewicz traces are consistently complete, and thus can be completed to a Scott domain (11, 14) . Because of these factors, traces should form an adequate framework for the denotational semantics of true concurrency. Denotational semantics is usually based on cartesian-closed categories of domains, of which Scott domains are an example. It remains to be seen if pomsets form such a category. The reader should note that a category of domains may be cartesian-closed without requiring that
